This study compared pulmonary effects of para-aramid respirable-sized, fiber-shaped particles (RFP) (p-aramid fibrils) and chrysotile asbestos fiber exposures in rats. Additional p-aramid inhalation studies were conducted in hamsters to compare species responses. The hamster results are preliminary. The parameters studied were clearance/biopersistence of inhaled p-aramid RFP or size-separated asbestos fibers as well as pulmonary cell proliferation and inflammation indices after 2-week inhalation exposures. Rats were exposed nose only to chrysotile asbestos fibers at concentrations of 459 and 782 fibers/ml or to p-aramid RFP at 419 or 772 fibrils/ml. Hamsters were exposed whole body to p-aramid RFP at concentrations of 358 and 659 fibrils/mI. Subsequently, animals were assessed immediately (time 0) as well as 5 days (10 days for hamsters), 1, 3, 6, and 12 months postexposure. Lung burdens for the p-aramid-exposed rats were 4.8x107 and 7.6x107 fibrils/lung, with similar numbers of chrysotile fibers >5 pm recovered from the lungs of asbestos-exposed rats. In comparison, 1.4x106 fibrils/lung were recovered in the high-dose hamster group. Biopersistence studies in p-aramid-exposed rats and hamsters demonstrated an initial increase (relative to time 0) in retained p-aramid fibrils during the first month postexposure, which indicated breakage or shortening of inhaled fibrils. This result was associated with a progressive reduction, and increased residence time in the lung, in the mean lengths of the fibrils, which signified biodegradability of inhaled p-aramid fibrils in both species. In contrast, clearance of short chrysotile asbestos fibers was rapid, but clearance of the long chrysotile fibers was slow or insignificant, as evidenced by a progressive increase over time in the mean lengths of fibers recovered from the lungs of exposed rats. Two-week, high-dose exposures to p-aramid in both rats and hamsters produced transient increases in pulmonary inflammatory and cell proliferative responses. In contrast, inhalation of size-separated chrysotile asbestos fibers in rats produced persistent increases in cell labeling indices of airway, alveolar, and subpleural cells measured through a period of 1 to 3 months postexposure. These results suggest that inhaled p-aramid RFP are biodegradable in the lungs of exposed rats and hamsters. In contrast, exposures to chrysotile asbestos fibers in rats resulted in a selective pulmonary retention of long chrysotile fibers.
Introduction p-Aramid fibrils have been used as asbestos particulates (RFP) have been compared to fiber substitutes in commercial applications those of chrysotile asbestos after 2-week such as brake linings and gaskets. In the inhalation exposures in rats. Fiber dimencurrent studies, the pulmonary effects of sion is an important factor that influences p-aramid respirable-sized, fiber-shaped the pulmonary toxicity of inhaled fibers This paper is based on a presentation at The Sixth International Meeting on the Toxicology of Natural and ManMade Fibrous and Non-Fibrous Particles held 15-18 September 1996 in Lake Placid, New York. Manuscript received at EHP26 March 1997; accepted 1 The general experimental design, RFP preparation, inhalation exposure techniques, methods for pulmonary lavage, biochemical assays, cell proliferation, and lung digestion and biopersistence studies were similar to those previously conducted in p-aramid-and chrysotile asbestosexposed rats. The exception was that hamsters had whole-body exposure to reduce stress-related effects. Deposition patterns of inhaled fibrils for the two exposure methods were similar. Methods used for inhalation studies in rats were previously reported (3, 4) . In the current study, four rats or hamsters per exposure group per time period were used in cell proliferation and lung tissue studies. Fixed lungs of p-aramid-exposed rats or hamsters were digested using a 10-min incubation with 1.3% Clorox; fixed lungs of chrysotileexposed rats were digested using a 3-hr Days after 2-week inhalation exposure Figure 1 . Lung retention and clearance of inhaled p-aramid RFP in exposed rats and hamsters and inhaled chrysotile asbestos fibers in exposed rats. The numbers of retained RFP recovered from lungs of exposed hamsters was increased relative to the fibril burden of animals immediately after exposure. This was attributed to a decrease in mean fibril lengths ( Figure 2 ), which indicated breakage or shortening of retained RFP in the lungs of exposed hamsters. Mean values are given for four hamsters or rats per dose at time 0 and 1, 3, 6, and 12 months postexposure. (Figure 2 ).
In p-aramid-exposed rats, increased pulmonary cell labeling effects relative to controls were measured on terminal bronchiolar, pulmonary parenchymal, and subpleural surfaces immediately after 2-week exposures to RFP. The effects were no different from those of controls following a 5-day postexposure period (Figures 3, 4, 5) . In contrast, significant increases compared to controls were measured on airway, parenchymal, and subpleural surfaces of asbestos-exposed rats (Figures 3, 4, 5 ). These effects persisted for a period of 1 to 3 months postexposure and were correlated with slow or insignificant clearance of long chrysotile asbestos fibers (see Figure 2 ).
Discussion
The progressive reduction in length of retained p-aramid fibrils with increasing residence time in the lung signifies a reduction in length of retained RFP, and is likely to account for the enhanced numbers of fibrils relative to the retained lung burden immediately after the end of the 2-week exposure, measured 1-month postexposure. These data are consistent with results of earlier studies in p-aramid-exposed rats in which the mean and median lengths of retained fibrils were progressively reduced with increasing residence time in the lung (3-7).
The biopersistence data demonstrating an increase in mean lengths of retained chrysotile fibers is consistent with reduced dearance of long chrysotile asbestos fibers. This finding has been reported in previous studies by Roggli and Brody (8) , who exposed rats to aerosols of chrysotile asbestos fibers for brief periods and assessed lung fiber clearance and dimensional changes as a function of time. Their results demonstrated a progressive increase in mean fiber length of retained chrysotile fibers in the lung.
The results of BrdU pulmonary cell proliferation in chrysotile-exposed rats presented here are consistent with data from a number of studies reported by Brody and colleagues (9) (10) (11) (12) (13) . In those studies, brief exposures to chrysotile asbestos fibers produced a biphasic labeling response in the lungs of exposed rats and mice. This was characterized by dramatic increases in epithelial cell DNA synthesis and followed several days later by enhanced labeling of interstitial cells (9) (10) (11) (12) (13) . In subsequent studies, a 3-day exposure prolonged the duration of increased cell labeling (12) . In another study, it was reported that a 5-hr exposure to chrysotile fibers in mice produced substantial increases in mesothelial and subpleural cell-labeling indices at 2 and 8 days postexposure (13) . The Days after 2-week inhalation exposure Figure 3 . BrdU-labeling index of terminal bronchiolar cells in rats exposed to chrysotile asbestos fibers or p-aramid RFP or hamsters exposed to p-aramid RFP for 2 weeks. Values are expressed as percent response of sham control-labeled cells±SD. Substantial increases in BrdU immunostaining compared to controls were measured in airway regions of asbestos-exposed rats. Significant increases in labeling were measured in high-dose groups immediately after exposure, and 5 days, 1 month, and 3 months postexposure before returning to control levels at 6 months postexposure. In contrast, transient increases in cell-labeling indices were measured in p-aramidexposed rats or hamsters relative to controls immediately after exposure, but were not measured 5 days later (*p< 0.05).
In contrast to the findings in chrysotileasbestos-exposed rats, p-aramid inhalation exposure produced transient increases in cell-labeling responses on terminal bronchiolar, pulmonary parenchymal, and subpleural surfaces. The differences in pulmonary cell labeling results between p-aramid-and chrysotile-exposed rats might be accounted for, in part, by the biodegradation of the inhaled p-aramid RFP and the biopersistence of long chrysotile asbestos fibers.
In summary, 2-week high-dose exposures to p-aramid RFP Days after 2-week inhalation exposure Figure 4 . BrdU-labeling index of lung parenchymal cells in rats exposed to chrysotile asbestos fibers or p-aramid RFP, or hamsters exposed to p-aramid RFP for 2 weeks. Values are expressed as percent response of sham control-labeled cells ±SD. Substantial increases in BrdU immunostaining compared to controls were measured in airway regions of asbestos-exposed rats. Significant increases in labeling were measured in high-dose groups immediately after exposure, and 5 days, 1 month, and 3 months postexposure before they returned to control levels at 6 months postexposure. In contrast, transient increases in cell-labeling indices were measured in paramid-exposed rats or hamsters relative to controls immediately after exposure but were not measured 5 days later (*p<0.05). Days after 2-week inhalation exposure Figure 5 . BrdU-labeling index of subpleural cells in rats exposed to chrysotile asbestos fibers or p-aramid RFP, or hamsters exposed to p-aramid RFP for 2 weeks. Values are expressed as percent response of sham control-labeled cells±SD. Substantial increases in BrdU immunostaining compared to controls were measured in subpleural regions of asbestos-exposed rats. Significant increases in labeling were measured in high-dose groups immediately after exposure, and 5 days, 1 month, and 3 months postexposure before they returned to control levels at 6 months postexposure. In contrast, transient increases in cell-labeling indices were measured in p-aramid-exposed rats or hamsters relative to controls immediately after exposure (*p< 0.05).
that the proliferative effects and enhanced biodurability of chrysotile associated with the induction of chronic disease do not occur with inhaled p-aramid fibrils. Moreover, the finding that inhaled p-aramid fibrils are biodegradable in the lungs of two rodent species lends support to the theory that inhaled p-aramid RFP are probably biodegradable in the lungs of exposed humans.
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